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TITLE 

Improved FEC decoder and method. 

INCORPORATION BY REFERENCE OF PRIORITY DOCUMENT 

This application is based on and claims the benefit of the European Patent 
Application No. 02 292 722.2 filed on October 31, 2002, which is incorporated 
by reference herein. 

BACKGROUND OF THE INVENTION 

1. Field Of The Invention 

The present invention relates to the telecommunication field and more in 
particular to the art of error correction which could be originated during the 
transmission of signals. Still more in particular, the present invention relates to 
an improved FEC decoder and an improved method for decoding signals. 

2. Description Of The Prior Art 

As it is known, the Forward Error Correction (FEC) is a technique by 
means of which redundancy is transmitted together with transported data, using 
a pre-determined algorithm. The receiving device has the capability of detecting 
and correcting multiple bit errors that could occur during transmission thanks to 
the redundancy. The signal transmitted with FEC is more "robust" thus allowing 
operators to build up longer distance connections without the deployment of 
many repeater stations. 

In other words, in order to overcome transmission errors and packet loss, 
many telecommunication systems use forward error correction (FEC). In 
general, FEC schemes transmit extra data which can be used at the receiving 
end to re-create any corrupted or lost packets. For instance, FEC has been 
applied to CD-ROMs to compensate for scratches, and used in satellite and 
deep-space transmissions, since the broadcast is in only one direction (i. e. the 
receiver is incapable of asking for retransmission). 

Many of these systems use the Reed-Solomon algorithm, which is 
primarily designed to take an arbitrary stream of data and restore any corrupted 
section therein, with the appropriate amount of error correction contained in the 
stream. In order for the algorithm to recover data that has been corrupted or lost 



in an arbitrary location, the algorithm must include enough error correction to 
compensate for the fact that some error correction may not be received at the 
receiving end as well (i. e. the algorithm needs to be able to account for the fact 
that both data and error correction may be lost). 

As it is known, a FEC code based decoder is designed for correcting a 
fixed maximum number of symbols in a codeword. For instance, a Reed- 
Solomon FEC could correct up to 4. symbols in a codeword. This means that in 
case the number of errored symbols is less than or equal to four, all the 
symbols can be corrected and the codeword can be correctly reconstructed. 

The problem arises when the number of errored symbols is higher than 
the fixed maximum number, for instance, higher than four in the above example. 
If this is the case, the errors could be wrongly corrected and, furthermore, a 
high number of additional errors can be introduced. 

In general terms, the telecommunication channels could be divided into 
two different categories as far as the introduction of errors is concerned. 
Channels introducing error bursts (for instance the radio channels) and 
channels introducing errors in a random manner (for instance, optical channels). 
If the second category of channels is considered, the number of errored bits in 4 
symbols is around 4 (typically, 4 or 5). 

If the symbols are 8-bit long, the average number of introduced errors (in 
bits) is (symbols xS)/ 2 , where "symbols" is the number of correctable symbols. 
Thus, in the above example, the mean number of introduced errors is 
(4x8)/2 = 16 and the maximum number is 32. The man skilled in the art will 
easily understand that the introduced errors are well higher than the average 
number of errors (= 4-5 errors). In the present example, if the number of errors 
that the decoder tries to correct is. well higher than 4 or 5, it is highly possible 
that a wrong correction is performed and new errors are introduced. 

SUMMARY OF THE INVENTION 

In view of the above disadvantages, the main object of the present 
invention is overcoming them in an efficient manner. 

A further object of the present invention is providing an improved FEC 
decoder which does not introduce further errors also when the number of 
symbols containing errors is higher than a fixed number of correctable errored 



symbols. 

A still further object of the present invention is providing an improved 
FEC decoding method which does not introduce further errors also when the 
number of symbols containing errors is higher than a fixed number of 
correctable errored symbols. 

The above arid further objects are obtained by a method according to 
claim 1 and a decoder according to claim 5. Further advantageous features of 
the present invention are set forth in the respective dependent claims. All the 
claims are considered as an integral part of the present description. 

The basic idea of the present invention consists in not carrying out any 
error correction should the number of errors be higher than a certain threshold. 
Possibly, the correction could be performed in a different step if a 
recursive/iterative decoder is used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will become clear from the following detailed description, 
given by way of non-limiting example, to be read with reference to the attached 
figures, wherein: 

- Fig: 1 is a block diagram of the basic steps (applied to a single 
codeword), in transmission, of a FEC procedure according to the 
state of the art; 

- Fig. 2 is a block diagram of the basic steps (applied to a single 
codeword), in reception, of a FEC procedure according to the state of 
the art; 

- Fig. 3 is a block diagram of the basic steps, in reception, of a FEC 
procedure applied to a single codeword according to the present 
invention; 

- Fig. 4 is an exemplifying schematic representation of a frame of a 
product code; and 

- Fig. 5 shows several correction iterations that are carried out in 
reception and the corresponding thresholds. 



BEST MODE FOR CARRYING OUT THE INVENTION 

Forward Error Correction can be viewed as an advanced form of 



checksums. A set of mathematical (polynomials) equations 2 are applied to 
input data 1 resulting in another set of data 3. The output data 3 is called Error 
Correcting Code data (ECC data). Both sets of data are then transmitted (4). 
Upon reception (step 5), the data is checked for integrity (6) using the ECC data 
and the known polynomials, resulting in another piece of data 7 indicating 
exactly where and how the received data is incorrect and how to correct it. Note 
that the checking algorithm can detect discrepancies in the ECC data itself, 
even if it was corrupted. Finally, the ECC data is removed in step 9 and only the 
original data are obtained (10). This process is illustrated graphically in Fig. 2 
and is valid for a single codeword. 

Generally, product codes are implemented and' the above steps are 
repeated, at least once, for all the lines and columns. 

In general, the most popular set of mathematical algorithms and 
equations that are used to calculate the ECC data is called "Reed-Solomon" 
(RS), and is well known in the art, but for background, will now be described 
below. 

Reed-Solomon codes are a subset of BCH codes and are. linear block 
codes. A Reed-Solomon code is specified as RS (n, k) with s-bit symbols. This 
means that the encoder takes k data symbols of s bits each and adds parity 
symbols to make an n symbol codeword. There are n k parity symbols of s bits 
each. A Reed-Solomon decoder can correct up to t symbols that contain errors 
in a codeword, where 2t-n-k. In reality, a Reed-Solomon decoder can correct up 
to 2t symbols if the locations of the errors are already known. 

Fig. 4 shows an exemplifying simplified signal frame of a product code 
with some errored symbols (in black). The frame is first checked by lines (all the 
lines are checked) and then by columns (all the columns are checked). When 
the first line codeword is checked, it is easily corrected because only one 
errored symbol is present. When the second line codeword is checked, no 
errored symbol are detected and no correction should be performed. When the 
first column codeword is checked, no errored symbols are detected and no 
correction should be performed. When the second column codeword is 
checked, the single errored symbol is easily corrected. And so on. 

A problem arises when the third line codeword is checked. In this line the 
number of errored symbols is higher than the correction capacity of the code. 



According to the prior art solutions, the code tries to perform the correction, 
does not succeed in it and, furthermore, could introduce a number of new 
errors. 

On the contrary, according to the present invention, a proper threshold 
value is provided. If (step 11, Fig. 3) it is detected that the number of errored 
bits is higher than such a threshold, the correction of the highly errored 
codeword is not performed (step 12). 

Doing so, no further errors could be introduced. Furthermore, it could be 
realized that the errored symbols could be corrected also by checking the 
columns that are affected by the same errors, namely columns #3, #6, #9, #12 
and #13. 

Fig. 3 is a block diagram of the steps of the method according to the 
present invention, applied to a single codeword. 

The threshold could be the same for all the line and the column 
codewords. Aa a non limiting example, a threshold equal to 12 has been 
profitably used with a FEC correcting up to four errors. 

Advantageously, the threshold fixed for the line codewords could be 
different from the one set for column codewords. A further alternative could be 
setting a different threshold also for each iteration. The last option is shown in 
Fig. 5 where, at iteration #1 (for instance, first check of lines) a first threshold is 
used; at iteration #2 (for instance, first check of columns), a second threshold is 
used; at iteration #3 (for instance, second check of lines) a first threshold is 
used; at iteration #4 (for instance, second check of columns), a second 
threshold is used, and so on. 

In case a different threshold is chosen, for each single iteration, the 
threshold is chosen according to the below equation: 

MIN (number of introduced errors + number of correctable errors that are not corrected) 
The decoder according to the present invention comprises: means for 
receiving wanted data and parity data with errors; means for checking integrity 
of the received wanted data and parity data by applying proper polinomials; 
means providing location and value of incorrect data; means for comparing the 
detected errors with a proper threshold; means for, in case the detected errors 
are lower than the proper threshold, correcting the wanted data and parity data 
according to the provided location and value of incorrect data; means for 



removing parity data in order to finally provide the (corrected) data that were 
originally transmitted. 

The advantages of the present invention are thus clear. With a prior art 
FEC mechanism (without threshold), the number of introduced errors could be 
as high as 300 (namely, 300 introduced errors + 0 correctable errors that are 
not corrected). With a FEC mechanism according to the present invention, the 
number of introduced errors is 4 (namely, 2 introduced errors + 2 correctable 
errors that are not corrected). 

There have thus been shown and described a novel decoder and a novel 
method which fulfill all the objects and advantages sought therefor. Many 
changes, modifications, variations and other uses and applications of the 
subject invention will, however, become apparent to those skilled in the art after 
considering the specification and the accompanying drawings which disclose 
preferred embodiments thereof. All such changes, modifications, variations and 
other uses and applications which do not depart from the scope of the invention 
are deemed to be covered by the invention which is limited only by the claims 
which follow. 



